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T i m e s c a l e s  f o r  P l a n e t a r y  A c c r e t i o n  and  t h e  
S t r u c t u r e  o f  t h e  P r o t o p l a n e t a r y  Disk 
J a c k  J. L i s s a u e r  (U, C a l i f o r n i a ,  S a n t a  B a r b a r a )  
Models  o f  p l a n e t a r y  a c c r e t i o n  which assume t h e  
mass  of c o n d e n s a b l e  m a t t e r  i n  t h e  p r o t o p l a n e t a r y  
d i s k  was e q u a l  t o  t h a t  p r e s e n t  i n  t h e  p l a n e t s  
t o d a y  p r e d i c g  a c c r e t i o n  t i m e s c a l e s  f o r  t h e  o u t e r  
p l a n e t s  1 0  y e a r s .  Such t i m e s c a l e s  a r e  i n -  
c o n s i s t a n t  w i t h  o b s e r v a t i o n s  o f  s t a r  fo rming  
r e g i o n s ,  w h i c h  s u g g e s t  t h a t  mos t  o f  t h e  g a s  i n  
d i s k s  a r o u  d  o n e  solar mass  s t a r s  i s  removed i n  E 
a  f ew  x 1 0  y e a r s .  T h i s  p a p e r  o u t l i n e s  a u n i -  
f i e d  s c e n a r i o  f o r  s o l a r  sys t em f o r m a t i o n  con- 
s i s t e n t  w i t h  a s t r o p h y s i c a l  c o n s t r a i n t s .  J u p i t e r ' s  
core c o u l d  have  grown by runaway a c c r e t i o n  o f  
p l a n e t e s i m a l s  t o  a  mass  s u f f i c i e n t  t o  i n i t i a t e  
r a p i d  3 c c r e t ' o n  o f  g a s  i n  times o f  o r d e r  of 8 5 x 1 0  - 1 0  y e a r s ,  p r o v i d e d  t h e  s u r f a c e  d e n s i t y  
o f  so l id s  i n  i t s  a c c r e t i o n  zone w a s  a t  l e a s t  5-10 
t i m e s  g r e a t e r  t h a n  t h a t  r e q u i r e d  by minimum mass 
mode l s  o f  t h e  p r o t o p l a n e t a r y  d i s k .  The i n n e r  
p l a n e t s  a n d  t h e  a s t e r o i d s  c a n  b e  a c c o u n t e d  f o r  i n  
t h i s  p i c t u r e  i f  t h e  s u r f a c e  d e n s i t y  o f  t h e  solar  
n e b u l a  was r e l a t i v e l y  u n i f o r m ( d e c r e a s i n g  no more 
r a p i d l y  t h a n  r-%) o u t  t o  J u p i t e r ' s  o r b i t .    he' 
t o t a l  mass of  t h e  p r o t o p l a n e t a r y  d i s k  c o u l d  hav.e 
b e e n  less t h a n  o n e  t e n t h  o f  a  s o l a r  mass pro-  
v i d e d  t h e  f u r f a c e  d e n s i t y  d ropped  o f f  more s t e e p -  
l y  t h a n  r- beyond t h e  o r b i t  o f  S a t u r n .  The 
o u t e r  r e g i o n s  o f  t h e  n e b u l a  would s t i l l  have  con- 
t a i n e d  enough s o l i d  m a t t e r  t o  e p l a i n  t h e  g rowth  fS 8 
of  Uranus  and  Neptune i n  5 x 1 0  - 1 0  y e a r s p  
t o g e t h e r  w i t h  t h e  c o i n c i d e n t  e j e c t i o n  o f  comets  
t o  t h e  O o r t  c l o u d .  The f o r m a t i o n  o f  s u c h  a  
p r o t o p l a n e t a r y  d i s k  r e q u i r e s  s i g n i f i c a n t  t r a n s -  
p o r t  o f  mass and  a n g u l a r  momentum, and  i s  con- 
s i s t e n t  w i t h  v i s c o u s  a c c r e t i o n  d i s k  mode l s  o f  
t h e  s o l a r  n e b u l a .  
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